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DECLARATION OF SUI-YUAN CHANG UNDER 37 C.F.R. 1.132 

I, Siii-Yuan Chang, declare: 

1 . I hold the positions of Associate Professor at the Department of Clinical 
Laboratory Sciences and Medical Biotechnology, National Taiwan University, and 
Supervisor at the Department of Laboratory Medicine, National Taiwan University 
Hospital. Prior to these positions, I earned a doctoral degree from the Department of 
Immunology and Infectious Diseases, Harvard School of Public Health. 

2. My current research focuses on genotypic analysis of viruses and therapy of 
virus infections. Overall, I have studied virus infections for 10 years. . 

3. 1 have reviewed U.S. Serial No. 10/8 1 7,490, This application Includes claims 
covering a method of treating hepatitis C virus (HCV) infection with an effective amount 
of a sesquiterpene lactone compound. 

4. 1 have also reviewed Hwang et al., US Patent 5,905,089 (Hwang) and Baba et 
al., US Patent 6,123,943 (Baba), both of which are cited In U.S. Serial No. 10/817,490. 

Hwang discloses using sesquiterpene lactone compounds to inhibit NF-kB 
activity. Baba suggests using 1 ,2,3,4-tetrahydroisoquinoline compounds to treat a large 
number of diseases, including viral hepatitis and cytomegalovirus hepatitis, via inhibiting 
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NF-kB activity. Neither Hwang nor Baba teaches using any sesquiterpene lactone 
compound to treat HCV infection. 

5. In view of the teachings of Hwang and Baba and based on my scientific 
knowledge, I conclude that a skilled person in the art would not have expected that 
sesquiterpene lactone compounds taught in Hwang, which are different from 1,2,3,4- 
tetrahydroisoquinonline compounds taught in Baba, can be used in treating the various 
diseases mentioned in Baba, e.g., viral hepatitis and cytomegalovirus hepatitis, let alone 
HCV infection (which is not mentioned in that reference). 

6. I and my associates have assessed the activity of a sesquiterpene lactone 
compound, i.e., paithenolide, against cytomegalovirus (CMV), which is specifically 
mentioned in Baba, by conducting two assays. 

The procedure of the first assay follows: Vero cells were first incubated with 
CMV at MOI of 0.2 in MEM at 37°C for 1 h. They were then incubated in the presence 
or absence of 2 parthenolide at 3TC for 1 h. The cells were washed thoroughly to 
remove the non-absorbed viruses and further cultui-ed in a fresh medium. The 
supernatant was collected from the cell culture at the 6th day post Infection (dpi). Viral 
DNA in the supernatant was extracted and amplified by PGR using a CMV UL97 primer 
pair. 

The first assay shows that parthenolide did not significantly repress CMV 
production at the 6th dpi. See Figure 1 (attached). 

The procedure of the second assay follows: CMV-infected MRC5 cells were 
cultured in the presence or absence of parthenolide in the same manner as described 
above. Cytopathic effects (CPEs) were observed at different time points during the 
culture. 

The second assay shows that parthenolide did not prevent the development of 
CPE. More specifically, the cell culture exhibited a mild CPE at the 3rd dpi, an obvious 
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CPE at the 4th dpi, and a severe CPE at the 6th dpi, whether parthenolide was present or 
not, See Figures 24 (also attached). 

The results of the above two assays compel the conclusion that parthenolide, a 
sesquiterpene lactone compound taught in Hwang, cannot be used to treat CMV hepatitis 
disclosed in Baba. 

7. All statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 
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Aspirin and Salicylate Protect Against MPTP-Induced 
Dopamine Depletion in Mice 

Nadine Aubin, Olivier Curet, Annie Deffois, and Chris Carter 

Central Nervous System Research Department, Synthelaho Recherche, Bagneux, France 



Abstract; The neurotoxic effects of the dopainine-se- 
lertive neurotoxin IVIPTP (15 mg/i<g, s.c.) , in mice, were 
totally prevented by systemic administration of salicy- 
late (EDso = 40 mg/kg, i.p.). aspirin (ED50 = 60 mg/kg, 
i.p.), or ttie soluble lysine salt of aspirin, Aspegic (ED50 
= 80 mg/kg, i.p.). The protective effects of aspirin are 
unlikely to be related to cyclooxygenase inhibition as 
paracetamol (1 00 mg/kg, i.p.), diclofenac (100 mg/kg, 
i.p.), ibuprofen (20 mg/kg, i.p.) and indomethacin (100 
mg/kg, i.p.) were ineffective. Dexamethasone (3-30 
mg/kg, i.p.), which, like aspirin and salicylate, has been 
reported to Inhibit the transcription factor NF-k/3, was 
also ineffective. Aspirin or salicylate (100 nM) had no 
effect on dopamine uptake into striatal synaptosomes 
or on monoamine oxidase B activity. The neuroprotec- 
tive effects of salicylate derivatives could perhaps be 
related to hydroxyl radical scavenging. This was sug- 
gested by the fact that hydroxylated metabolites of sali- 
cylate (2,3- and 2,5-dihydrobenzoic acid) were recov- 
ered in brain tissue following the combined administra- 
tion of I^PTP and aspirin to a greater extent than 
following aspirin alone. The surprising neuroprotective 
effects of aspirin in an animal model of Parkinson's 
disease warrant further clinical Investigation. Key 
Words: Aspirin— Salicylic acid— 1-Methyl-4-phenyl- 
1,2,3,6-tet^ahydropyridine — Mouse— Neurotoxicity— 
Parkinson's disease model. 
J. Neurochem. 71, 1635-1642 (1998). 



Since the chance discovery of the neurotoxic ef- 
fects of l-methyl-4-plienyl- 1,2,3, 6-tetrahydropyri- 
dine (MPTP) in humans (Langston and Ballard, 
1983), it has been thought that a similar type of 
environmental toxin might be responsible for idio- 
pathic Parkinson's disease and reasoned that an un- 
derstanding of the neurotoxic effects of MPTP might 
lead to prevention of this debilitating disorder. 
MPTP is metabolized to the !-methyl-4-phenylpyri- 
dinium ion (MPP*) by monoamine oxida.se (MAO) 
B (Langston et aL, 1984), and this highly toxic me- 
tabolite is selectively taken up into dopaminergic 
neurons via the dopamine ( DA ) transporter (Snyder 
and D'Amato, 1986). MPP* is a mitochondrial toxin 
that selectively inhibits complex 1 of the respiratory 



chain (Cleeter et al., 1992), leading evidently to 
energy compromise and to the production of poten- 
tially cytotoxic free radicals (Jenner, 1991; Adams 
et al., 1993; Bowling and Beal, 1995). Accumulat- 
ing evidence suggests that oxidative stress is also a 
feature of Parkinson's disease neuropathology (Dex- 
ter etal., 1986; Jenner, 1991; Fahn and Cohen, 1992; 
Schapira, 1994; Bowling and Beal, 1995), and mito- 
chondrial complex 1 deficiency is also a feature of 
this disease (Mizuno et al., 1989; Schapira et al., 
1990). Numerous studies in rodents or primates (in- 
cluding, of course, the original observation in hu- 
mans) have shown that MPTP produces a selective 
lesion of the nigrostriatal DA system that closely 
mimics the neuropathological and symptomatic se- 
quelae of Parkinson's disease. Blockade either of 
MAO-B (Rose et al., 1989) or of DA uptake (Brad- 
bury et al., 1985) is known to protect against the 
neurotoxic effects of MPTP in laboratory animals, 
although recent clinical trials with the selective 
MAO-B inhibitor deprenyl have met with mixed suc- 
cess (Olanow et al., 1995; Parkinson Study Group, 
1996). This type of clinical approach does not attack 
the neurotoxic process itself [although antiapoplolic 
and free radical scavenging effects have recently 
been attributed to deprenyl (Tatton et al., 1994; Ger- 
lach et al., 1996)] but aims rather to prevent the 
metabolism of a putative (and unknown) MPTP-like 
molecule to a toxic metabolite. 

Several arguments suggest that the neurotoxic ef- 
fects of MPTP (or MPP*) might be mediated via free 
radical production. This may result from disturbances 
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in oxygen metabolism produced by complex 1 inhibi- 
tion or from diverse effects of MPTP and MPP* on 
free radical-generating processes (for reviews, see 
Gerlach et al., 1991; Tipton and Singer, 1993; Zang 
and Misra, 1993). MPTP decreases glutathione levels 
and increases the levels of reactive oxygen species and 
the degree of lipid peroxidation in mouse brain slices 
in vitro and increases the levels of reactive oxygen 
species in mouse brain in vivo. MPTP neurotoxicity 
in vitro is reduced by glutathione (Sriram et al., 1997). 
In vitro studies have shown that MPP^ neurotoxicity 
can be reduced by vitamin E, vitamin C, coenzyme 
Q, and mannitol (but not by superoxide dismutase, 
catalase, allopurinol, or diinediyl sulfoxide) (Akaneya 
et al., 1995). /3-Carotene, vitamin C, and Af-acetylcys- 
teine partially protect against the neurotoxic effects of 
MPTP in mice (Perry et al., 1985), as do nicotinamide, 
coenzyme Q, and the free radical spin trap N-tert-haiy\- 
a-(sulfophenyl)nitrone (Schulz et al., 1995a). 

Chuieh and others have demonstrated that MPTP 
results in the formation of the highly toxic hydroxy! 
radical in vivo. Hydroxyl radical formadon was moni- 
tored in dialysis studies by the salicylate detection 
method (Chiueh et al., 1992, 1993; Obata and Chiueh, 
1992). Hydroxyl radicals react with salicylate to form 
2,3- and 2,5-dihydroxy benzoic acid (DHBA). MPTP 
increases the formation of both 2,3- and 2,5-DHB A in 
vivo. If hydroxyl radicals are interacting with salicy- 
late, then of coiu-se salicylate is also mopping up hy- 
droxyl radicals. If indeed these are the agents through 
which MPTP exerts its neurotoxicity, we reasoned that 
salicylate should provide some degree of neuroprotec- 
tion in the MPTP model. We found that salicylate to- 
tally protects against the neurotoxic effects of MPTP 
and that this property is shared by acetylsalicylate (as- 
pirin) and a lysine salt formulation of aspirin, Aspegic, 
but not by other cyclooxygenase inhibitors. 

MATERIALS AND METHODS 

Animals and tissues 

The MPTP .studies were conducted on male C57B1/6 mice 
(weighing 20-25 g; Iffa Credo, Fiance). In vitro .smdies on 
DA uptake or MAO-B activity were conducted using brain 
tissue from male Sprague-Dawley rats (weighing 180-2SO 
g; Iffa Credo. France). Animals were housed in a controlled 
environment (light/dark cycles of 12 h with lights on ftom 
7 a.m. to 7 p.m., temperature of 21 ± 2°C) with food and 
water ad libitum. 

Assay of striatal DA, serotonin 
[S-hydroxytryptamine (5-HT)l, and their 
related metabolites 

Mice were killed by decapitation. Striata were dissected 
out, frozen, weighed, and stored at -80°C until analysis. 5- 
HT, DA, homovanillic acid (HVA), 3,4-dihydroxyphenyl- 
acetic acid (DOPAC), 3-methoxytyTamine (3-MT), and 5- 
hydroxyindoleacetic acid (5-HIAA) were quantified by 
HPLC with electrochemical detecdon. Frozen tissues were 
sonicated in 800 ni of 0.05 M HClOa containing 0.5 mAf 
BDTA, 2 mM sodium metabisulfite, and 3,4-DHBA (final 



concentration, 1 ng/50 ^il) as the internal standard. After 
centrifugation, 50 pi of the supernatant was injected onto the 
liquid chromatographic column using a refrigerated (4°C) 
autoiiijector (Wisp 712; Waters, Milford, MA, U.S.A.) . Sep- 
aration was achieved at room temperature. The HPLC system 
consisted of a pump and a stainless steel separation column 
(0.46 X 7 cm) packed wittj Ultrasphere XL ODS C18 (parti- 
cle size, 3 /xm; Beckman, FuUerton, CA, U.S.A.). The mo- 
bile phase contained 0.1 Af NaHzPO,, 1 mAf EDTA, 2.5 
mM octanesulfonic acid, and 7% CHjCN, pH 3.4. The flow 
rate was 0.9 ml/min. Electrochemical detection was carried 
out by means of an amperometric detector (model 460; Wa- 
ters) with a glassy carbon working electrode and an Ag/ 
AgCl reference electrode. The detector potential was set at 
0.8 V versus the reference electrode. Concentrations of each 
compound were calculated using a computing integrator 
(Maxima; Watei^) with reference calibration curves ob- 
tained after injection of standards. 

Assay of striatal salicylate, 2;3-DHBA, 
and 2,5-DHBA 

Salicylate and its hydroxylated metabolites were quanti- 
fied using die meUiods described by Giovanni et al. ( 1995). 
Mice were killed by decapitation. Striata were dissected out, 
frozen, weighed, and stored at -BO'C until analysis. Frozen 
tissues were sonicated in 150 ii\ of 0.05 M HCIO, containing 
0.5 mAf EDTA and 2 mM sodium metabisulfite. After cen- 
trifugation, 50 n\ of the supernatant was injected onto the 
liquid chromatographic column using a refrigerated (4°C) 
autoinjector (Wisp 712; Waters). Separation was achieved 
at room temperature using a stainless steel separation column 
(0.46 X 7 cm) packed with Ultrasphere XL ODS C 1 8 (parti- 
cle size, 3 i^m; Beckman). The mobile phase contained 0.1 
M NaHzPO,, 1 mM EDTA, 2.25 mAf octanesulfonic acid, 
and 5% CH3CN, pH 3.2. The flow rate was 0.9 ml/min. For 
2,3- and 2,5-DHBA the detection was carried out by means 
of an amperomettic detector (model 460; Waters). The de- 
tector potential was set at 0.8 V versus the reference elec- 
u-odc. Salicylate was detected with an ultraviolet detector 
set al 300 nm. Concentrations of each compound were calcu- 
lated using a computing integrator (Maxima; Waters) with 
reference calibration curves obtained after injection of stan- 
dards. 

Determination of MAO-A and MAO-B activities 

Rat brains were homogenized in 20 volumes of 0.1 Af 
sodium phosphate buffer (pH 7.4) at 4°C. MAO-A and 
MAO-B acdvities were assayed as previously described ( Ca- 
ret et al., 1996) using ['"CIS-HT (final concentration. 125 
t^M) as dte specific MAO-A substrate or phenyl [ '"C] ediyl- 
amine (["C]PEA; final concentration, 8 y-M) as the specific 
MAO-B substtate. 

In vitro measurement of [^H]DA uptake in rat 
brain synaptosomes 

Rat striatal synaptosomes were prepared at 4°C by homog- 
enization in 40 volumes of 0.32 Af sucrose with 10 strokes 
of a Teflon/glass homogenizer. After centrifugation at 2,000 
g for 10 min, the supernatant was cenuifuged at 10,000 g 
for 20 min, and die pellet was resuspended in 0.32 Af sucrose 
(2 ml) and receniriftiged with 0.8 M sucrose (8 ml). The 
resulting pellet was resuspended in 6 ral of buffer ( 10 mM 
HEPES, 147 mAf NaCl, 5 mAf KCl, 2 mM MgCl^, 2 mM 
CaCt, and 10 mAf glucose, adjusted to pH 7.4). All subse- 
quent operations were at 25°C. Fifty-raicroliter aliquots 
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(-50 iig of protein per well) were distributed into 96-well 
glass fiber filter plates (MAFCNOB; Millipore SA), and 
drugs were added in a farther 50 //I of tiie above HEPES 
buffer following a iO-min incubation. [^HJDA (final con- 
centration, 400 TiM) was added 10 min before filtradon on 
a Multiscreen system, and synaptosomes were washed twice 
with 200 111 of HEPES buffer. After direct application of a 
solid scintillator (MeWLex; Wallac) to the 96-welI glass 
fiber filter plates, radioactivity was counted in a micruplate 
scintillation counter (MicroBeta 1450 Trilux; Wallac). 

Body temperature measurement 

Mice core temperature was measured at different times 
after MPTP or salicylate administration using a small rectal 
probe and Thermistor thermometer with minimal immobili- 

Statistics 

The statistical significance of the data was evaluated by 
ANOVA followed by Dunnett's (homogeneous variances) 
or Kruskal-Wallis (heterogeneous variances) test. 

Chemicals and drugs 

r '■'C15-HT creatinine .sulfate ( 1.8-2.2 GBq/mmol) was sup- 
plied by Amersham (Buckinghamshire, U.K.). ["cjPEA hy- 
drochloride (1.8-2.2 Gbq/nimol), ['H]DA (1,365 GBq/ 
mmol), and Biofluor were purchased from New England Nu- 
clear ( Boston, MA, U.S.A.). Salicylic acid, aspirin, diclofenac, 
dexamethasone, ibuprofen, 2,3-DHBA, 2,5-DHBA. 3,4- 
DHBA. DA, noradrenaline, DOPAC, 5-HIAA, 3-MT, 5-HT 
creatinine sulfate, PEA hydrochloride, and 2,5-diphenyloxazole 
were supplied by Sigma (St Louis, MO, U.SA.). Toluene, 
EDTA, and elliyl acetate were purchased from Labosi (Paris, 
France). MPTP was obtained from Research Biochemicals In- 
ternational (Natick, MA, U.S.A.). The analytical grade buffere 
NaH2P04 -21120, Na2HP04-2H20, and perchloric acid were 
purchased from Merck (Darmstadt, Germany). Aspegic, para- 
cetamol, and indomethacin were synthesized in the Chemistry 
Department at Synthelabo. 

Drug treatments 

Aspirin, dexamethasone, paracetamol, diclofenac, and in- 
domethacin were administered intraperitoneally as a suspen- 
sion in 0.5% Methocel gel plus 0.5% Tween 80 (wt/wt) in 
a volume of 10 ml/kg. Salicylic acid. Aspegic. ibuprofen, 
MPTP, and 2,3- and 2,5-DHBA were administered in saline 
in a volume of 10 ml/kg. Doses always refer to the free 
base and are expressed in mg/kg of body weight. 



RESULTS 

Effects of MPTP on DA, 5-HT, and their 
metabolites in striatum 

Mice received graded doses of MPIT (10, 20, 30, 
40, and 50 mg/kg, s.c.) and were killed 2 days later. 
As illustrated in Fig. lA, MPTP decreased the striatal 
levels of DA, DOPAC, HVA, and 3-MT in a dose- 
dependent manner without affecting the levels of 5- 
HT and 5-HlAA. The maximal decrease of DA levels 
was obtained with a dose of SO mg/kg, s.c. Higher 
doses of MPTP induced mortality. A dose of 15 mg/ 
kg MFTP was chosen for fiirther smdies. The time 
course of die effects of MPTP (15 mg/kg, s.c.) on 
shiatal DA, DOPAC, and 3-MT levels is shown in Fig. 




FIG. 1. A: Effects of administration of graded doses of MPTP 
on striatal levels of DA DOPAC, HVA, 3-MT, 5-HT, and 5-HiAA 
In mouse brain. The animals were killed 2 days after administra- 
tion of MPTP(10-50 mg/kg, S.C.). Data are mean ± SEM (bars) 
values (n = 8-9). as a percentage of variatons versus controls. 
Control levels (in pg/mg of tissue) were as follows: DA, 13,440 
± 1,147; DOPAC, 1,377 ± 505; 3-MT, 585 ± 109; 5-HT, 442 
± 105; and 5-HIAA. 328 ± 97. B: Time course of the effects of 
MPTP (15 mg/kg, s.c.) on striatal levels of DA, DOPAC, and 3- 
MT. Animals were killed at defined times foltowing MPTP admin- 
istration. 



IB. As described by others (Pileblad et al., 1985), 
MPTP produced a rapid and sustained decrease in stria- 
tal DOPAC levels that was maximal 2 h after MPTP 
injection. DA levels more gradually declined over the 
48-h period. DA depletion was sustained for at least 
2 weeks (see, e.g.. Fig. 3). MPTP also produced a 
transient increase in striatal 3-MT levels within the 
first hour following injection. No mortality was ob- 
served with this dose of MPTP for up to 2 weeks after 
MPTP injection. 

Protective effect of aspirin, Aspegic, and salicylate 
against MFIP-Induced DA depletion 

In a first experiment, mice were pretreated widi dif- 
ferent doses of aspirin, Aspegic, and salicylate 1 h 
before administration of MPTP (15 mg/kg, s.c). Stria- 
tal DA levels were measured 2 days later. As illustrated 
in Fig. 2, aspirin, Aspegic, and salicylate each pre- 
vented MPTP-induced DA depletion in a dose-related 
manner with ED50 values of 60, 80, and 40 mg/kg, 
i.p., respectively. This protection was total at die high- 
est dose of each drug. The total protective effect of 
the highest dose of salicylate ( 100 mg/kg, i.p.) was 



J. Neurochem^ Vol. 71, No. 4, I99S 



1638 N. AUBIN 




FIG. 2. Effects of systemic intraperitoneal administration of 
graded doses of salic^ate, aspirin, and Aspegic on depletion of 
DA In striatum of mice Induced by IVIFTP. The animals received 
a single administration of salicylate (10, 30, or 100 mg/kg, i.p.), 
aspirin (30, 60, or 100 mg/kg, i.p.), or Aspegic (60, 100, or 200 
mg/kg, i.p.) 1 ti before MPTP (15 mg/kg, s.c.) and were killed 
2 days later. Data are mean ± SEM (bars) values (n = 6) . Control 
DA levels were 14,310 ± 719 pg/mg of tissue. *p < 0.01 com- 
pared with control; 'p < 0.01 compared with MPTP group. 



maintained in mice killed 2 weeks after administration 
of MPTP ( 15 mg/kg, s.c; Fig. 3). Whereas salicylate 
(100 mg/kg, i.p.) totally blocked the effects of MPTP 
at 15 mg/kg, s.c. it only partially protected (50%) 
against the effects of a higher dose (40 mg/kg, s.c.) 
of the toxin (Fig. 4). To study the time course of 
the effect of aspirin (60 mg/kg, i.p.), the drug was 
administered at different times before and after a single 
dose of MPTP (15 mg/kg, s.c). As illustrated in Fig. 
5, significant protection was observed when aspirin 
was administered from 2 h before MPTP and for up 
to 2 h following MPTP administration. The maximal 




FIQ. 3. Protective effects of salicylate (SAL) on depletion of DA 
in striatum of mice induced by MPTP 2 days or 2 weeks after 
treatments. The animals received a single administration of SAL 
(100 mg/kg, i.p.) 1 h t>efore MPTP (15 mg/kg, s-c.) and were 
killed 2 days or 2 weeks later. Data are mean ± SEM (bars) 

values(n = 6). Control DA levels were 11,799 ± 704 and 15,452 
i 544 pg/mg of tissue at 2 days and 2 weeks, respectively, "p 
< 0.01 compared with the respective control. 
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FIG. 4. Effects of salicylate on depletion of DA in striatum of mice 
induced by different doses of MPTP. The animals received a single 
administration of salicylate (100 mg/kg, i.p.) 1 h before MPTP (15 
or 40 mg/kg, s.c.) and were killed 2 days later. Data are mean ± 
SEM (bars) values (n = 6). Control DA levels were 11,799 ± 704 
pg/mg of tissue. *'p < 0.01 compared with control. 



protection was observed when aspirin was given con- 
comitantly or 1 h after MPTP. No protection was seen 
when aspirin was delayed for >4 h after MPTP admin- 
istration. 

Aspirin (100 mg/kg, i.p.), salicylate (100 mg/kg, 
i.p.) , or Aspegic (200 mg/kg, i.p.) per se had no effect 
on striatal levels of DA 2 days after dosing (data not 
shown). 

Acute effects of aspirin and MPTP on DA and its 
metabolites in rat striatum 

The neurotoxic effects of MPTP' as revealed by 
chronic DA depletion are not observed until several 
hours after MPTP administration. However, more im- 
mediately after MPTP injection, effects on striatal DA 
turnover can be observed that reflect the toxin's more 
acute effects on DA uptake and metabolism, e.g.. Fig. 




FIG. 5. Time course of protective effects of aspirin on MPTP- 
induced depletion in DA level in mouse striatum. The animals 
received a single administration of aspirin (100 mg/kg, i.p.) at 
different Wmss befom or after MPTP (15 mo/kg, s.c.) and wm 

killed 2 days later. Data are mean ± SEM (bars) values (n = 6). 
Control DA levels were 14,450 ± 879 pg/mg of tissue. *p < 0.01 
compared with control; 'p < 0.01 compared with MPTP group. 
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FIG. 6. Acute effects of MPTP (15 mg/kg, 3.c.) and aspirin (100 
mg/kg, l.p.) alons or combined on striatal DA metabolism. Vehi- 
cle or aspirin was injected 1 h before MPTP injection. The effects 
of MPTP on striatal levels of DA, DOPAC, and 3-MT were mea- 
sured 30 min after Injection of MPTP or 1 h 30 min after Injection 
of aspirin. Data are mean ± SEM (bars) values (n = 8). *p 
< 0.01 compared with control. 




Time (hour) 

HG. 7. Time course of effects of MPTP (15 mg/kg, s.c.) and 
salicylate (100 mg/kg, l.p.) alone or In combination on the core 
temperature of mice. Salicylate (1 00 mg/kg, l.p.) or vehicle was 
administered 1 h before MFfP (15 mg/kg, s.c): controls (■) 
MPTP (•), salicylate (A), and salicylate plus MPTP (*). Data 
are mean ± SEM (bars) values (n = 6). 'p < 0.05. "p < 0.01 
versus respective control (core temperature before salicylate or 
vehicle administratton). 



IB. MPTP ( 15 mg/kg, s.c.) decreased striatal DOPAC 
and increased striatal 3-MT levels 30 min after injec- 
tion, without at this early stage reducing striatal DA 
levels (Fig. 6). 

Aspirin per se (100 mg/kg, i.p.) had no effect on 
DA, 3-MT, or DOPAC levels (Fig. 6) 1 h 30 min after 
injection, and when administered I h before MPTP did 
not modify the MPTP-induced acute increase in 3-MT 
or decrease in DOPAC levels. 

Effect of MPTP on salicylate and DHBA striatal 
levels after administration of aspirin 

It has already been shown that MPTP increases the 
cerebral hydroxylation of systemically administered 
salicylate (Chiueh et al., 1992. 1993). When aspirin 
(100 mg/kg, i.p.) was administered to mice, high lev- 
els of salicylate and its hydroxylated metabolites, 2,3- 
and 2,5-DHBA, were detected in striatal samples 1 h 
30 min later (Table 1). When MPTP ( 15 mg/kg, s.c") 
was given 1 h following aspirin administration, 30 min 
before the animals were killed, a marked increase in 
the levels of the hydroxylated metabolites, 2.3-DHBA 
(p < 0.01 ) and 2,5-DHBA (p < 0.05), was observed 
( Table 1 ) . The ratios of 2,3-DHB A/salicylate and 2,5- 



DHBA/salicylate were increased by 158 and 66%, re- 
spectively, by MPTP administration. 

Systemic administration of the hydroxylated metab- 
olites of salicylate (2,3- and 2,5-DHBA (100 mg/kg, 
i.p.) was without effect on the DA depletion induced 
by MPTP (data not shown). 

Effects ofMPTP, salicylate, aspirin, and Aspegic 
on body temperature at mice 

As illustrated in Fig. 7, MPTP (15 mg/kg, s.c.) 
induced a transient decrease in core temperature with 
a maximal effect of -2°C, 2 h after administration. 
This decrease was blunted by salicylate administered 
1 h before MPTP. Sahcylate alone or in combination 
with MPTP produced a small but significant increase 
in core temperature from 1 h up to 6 h after administra- 
tion. 

Lack of effect of salicylate, aspirin, and Aspegic 
on synaptosomal DA uptake and on MAO-A and 
MAO-B activities 

Salicylate or aspirin (100 fjM) had no significant 
effect on striatal [ ] DA uptake in rat striatal synapto- 
somes or on MAO-A or MAO-B activity in rat brain 
homogenates. DA uptake values were 64.0 ± 5, 57.6 



TABLE 1. Effect ofMPTP on hydroxyl radical formation as assessed by breakdown of salicylate to 2.3- and 2,5-DHBA in 
mouse striatum t^er administration of aspirin 





Salicylate 


23-DHBA 


2,5-DHBA 






Treatment 


(nmol/g) 


(pmol/g) 


(pmol/g) 


2,3-DHB A/salicylate 


2,5-DHBA/salicylate 




43 ± 8 


12.6 ± 5.8 


148 ± 32 


0.24 ± 0.07 


3.56 ± 0.42 


Aspirin + MPTP 


57 ± 10° 


40.1 ± 11' 


355 ± 79* 


0.62 ± 1.1' 


5.91 ± 0.46= 



The animals received a single administralion of aspirin (100 mg/kg. i.p.) 1 h before MPTP (15 mg/kg. s.c.) and were killed 30 min later. 
Data are mean ± SEM values (n = 8). 
" Not significant, 'p < 0.05, 'p < 0.01 compared witli aspirin group. 
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TABLE 2. Effects ofdiclofem 



, indometfiacin, ibuprofen, paracetamol, and dexamethasone on reduction in striatal DA 
levels in mice produced by MPTP 



(20 mgftg, i.p.) (lOO mgAg. i.p.) 



MPTP (15 mg*g. 



Drugs were 
pmol/mg of tissue. 
> < O.0O1 vers 



] h before MPTP, and the mice w 
control. 



e killed 2 days later. DA levels ar 



± 6, and 62.7 ± 4 pitiol/min/mg of protein in the 
control, aspirin (100 iiM), and salicylate (100 (mM) 
groups, respectively. MAO-A activity values were 
0.130 ± 0.06, 0.123 ± 0.05, and 0.126 ± 0.05 nmol/ 
min/mg of tissue in control, aspirin (100 fiM), and 
salicylate ( 100 iiM) groups, respectively. The corre- 
sponding values for MAO-B activity were 0.108 
± 0.06, 0.108 ± 0.05, and 0.105 i 0.06 ntnol/min/ 
mg of tissue. 

Effect of cyclooxygenase inhibitors and 
dexamethaisone on MFTP*lnduced DA depletion 

Paracetamol (100 mg/lcg, i.p.), ibuprofen (20 mg/ 
kg, i.p.), indomethacin (100 mg/kg, i.p.), diclofenac 
(100 mg/kg, i.p.), or dexamethasone (3, 10, and 30 
mg/kg, s.c.) was administered 1 h before MPTP (15 
mg/kg, s.c). None of these drugs decreased the neuro- 
toxic effect of MPTP (Table 2). 

DISCUSSION 

Salicylate, aspirin, and. its soluble lysine salt, As- 
pegic, are able to protect totally against the neurotoxic 
effects of MPTP in mice. Protection by salicylate was 
maintained for at least 2 weeks after MPTP administra- 
tion and is not a transient effect. The neuroprotective 
effects of aspirin were fully maintained when aspirin 
was administered 1 h after MPTP treatment, and sig- 
nificant (but reduced) protection was still observed 
with an administration delay of 2 but not 4 h. The 
process with which aspirin interacts is thus manifest 
within the first 4 h following MPTP administration. 
During this time hydroxyl radical production is evident 
(Chiueh el al., 1992, 1994; Obata and Chiueh, 1992). 
The maximal decrease in mitochondrial complex 1 ac- 
tivity is observed ~ 1 h following MPTP administration 
in mice (Sriram et al., 1997). None of these drugs 
affected DA uptake or MAO-B activity, and their neu- 
roprotective effects are therefore related to interference 
with a neurotoxic process and not to blockade of MPTP 
metabolism or MPP^ uptake into dopaminergic termi- 
nals. Within the first hours of administration, MPTP 
results in an acute increase in striatal 3-MT levels cou- 
pled with a reduction in striatal DOPAC levels, likely 



related to its immediate effects on DA uptake and me- 
tabolism, as shown by Pileblad et al. (1985). These 
acute effects of MPTP were totally unaffected by sali- 
cylate, suggesting that salicylate does not interfere with 
the cerebral entry or metabolism of MPTP itself. Sali- 
cylate was less protective against a higher dose of 
MPTP, suggesting some type of competitive effect be- 
tween salicylate and the neurotoxic effector. The ef- 
fects of salicylate cannot be explained in terms of hy- 
pothermia, and indeed salicylate appeared to produce 
slight hyperermic effects per se. The hypothermic ef- 
fects of MPTP are likely related to its acute neurotoxic 
effects, and their antagonism by salicylate is a symp- 
tomatic manifestation of its neuroprotective action. It 
seems unlikely that cyclooxygenase inhibition explains 
the neuroprotective effects of aspirin. Salicylate, which 
was also effective in this model, is only a weak inhibi- 
tor of cyclooxygenase (Mitchell et al., 1994), and 
other reference cyclooxygenase inhibitors [acetamino- 
phen (paracetamol), diclofenac, ibuprofen, and indo- 
methacin (Mitchell et al., 1994)J were ineffective 
against the neurotoxic effects of MPTP. 

Aspirin and salicylate (at millimolar concentrations) 
have both been reported to inhibit the activation of the 
■transcription factor NF-k/3 in vainous in vitro models 
(Kopp and Ghosh, 1994; GrilU et al., 1996). Diverse 
noxious cellular stimuli free W-kP from an endoge- 
nous inhibitor, allowing translocation of free NF-/c/3 
from the cytoplasm to the nucleus. NF-kP then binds 
to DNA and activates several genes involved in in- 
flammatory and immune responses. Some of these 
gene products, for example, tumor necrosis factor-a, 
may exert cytotoxic effects by switching on apoptotic 
self-destruct programs (Wright et al., 1992; Vaux and 
Strasser, 1996). Apoptosis has been reported to be a 
feature of MPP^ -related cytotoxicity (Mochizuki et 
al., 1994). The effects of MPTP or MPP* on NF-Kp 
activation do not appear to have been smdied, although 
increased translocation of has been observed 

in Parkinson's disease brain (Hunot et al., 1997) . Both 
aspirin and salicylate block the glutamate-induced acti- 
vation of NF-fc/3 in rat cerebellar granule cells and 
furthermore block the neurotoxicity of glutamatc on 
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cerebellar granule cells and in hippocampal slices 
(Grilli et al., 1996). As indomethacin does not block 
HF-K0 activation or glutamate toxicity in vitro (Grilli 
et al., 1996) and did not protect against the neurotoxic 
effects of MPTP, it is possible that NF-K0 inhibition 
is somehow involved in the MPTP neurotoxic cascade 
and in the protective effects of aspirin. However, dexa- 
methasone, which is a much more potent (nanomolar) 
inhibitor of NF-K;0 activation in similar in vitro models 
(Auphan et al., 1995), was totally ineffective against 
MPTP toxicity. 

Nitric oxide synthase inhibitors have been reported 
to block the neurotoxic effects of MPTP (Schulz et 
al., 19956; Przedborski el al., 1996). Aspirin does 
inhibit nitric oxide synthase at high concentration.s 
(IC50 of ~1 mM), but salicylate is without effect 
(Amin et al., 1995), and it seems unlikely that nitric 
oxide synthase inhibition explains these neuroprotec- 
tive effects. It has also been .suggested that the protec- 
tive effects of certain nitric oxide synthase inhibitors 
may in fact be related to their additional ability to 
inhibit MAO-B (Di Monte et al., 1997). 

Salicylate is an effective hydroxyl radical trapping 
agent, and indeed an increase in levels of the hydroxyl- 
ated metabolites of salicylate following MPTP coad- 
ministraiion was initially used to show that MPTP gen- 
erates hydroxyl radicals in vivo (Chiuch ct al., 1992, 
1993; Obata and Chiueh, 1992). Aspirin also effec- 
tively n^ps hydroxyl radicals (Halliwell et al., 1987) 
and is rapidly metabolized to salicylate following sys- 
temic administration (Gaspari et al., 1989). Following 
the administration of aspirin, our results show that sali- 
cylate and its hydroxylated metabolites can be found in 
the mouse brain. The production of these hydroxylated 
metabolites is increased by MPTP, confirming that 
MPTP generates hydroxyl radicals that react with sali- 
cylate derived from aspirin. Hydroxyl radical scaveng- 
ing activity is thus one possible explanation for the 
neuroprotective effects of aspirin and salicylate. Other 
free radical scavengers have been reported to be effec- 
tive in the MFFP model, although it has to be said that 
their neuroprotective effects have not been as impres- 
sive (Perry et al., 1985; Akaneya et al., 1995; Schulz 
et al., 1995a). It should also be mentioned that a very 
potent hydroxyl radical scavenger, dimethyl sulfoxide 
(Gaspari et ai., 1989), does not protect against the 
neurotoxic effects of MPP"^ in vitro (Akaneya et al., 
1995). 

At this stage, and without further experiments de- 
signed specifically to address the question, it is proba- 
bly wise to reserve judgment on the mechanism of 
neuroprotective action of aspirin and salicylate, al- 
though one can at least rule out cj'clooxygenase inhibi- 
tion. It is nevertheless surprising and exciting that these 
two drugs are able to prevent completely neurotoxic 
effects in this animal model of Parkinson's disease — 
an observation that merits close clinical attention. 

Aspirin is known to produce toxic effects at high 
doses in humans (for example, acidosis and gastroin- 



testinal bleeding). In these animal experiments, the 
results suggest some form of competition between as- 
pirin and the toxic effector produced by MPTP, i.e., the 
higher the dose of MPTP, the more aspirin is needed to 
combat its effects. In the animal studies, dopaminergic 
toxicity is produced by a bolus injection of a single 
high dose of MPTP, and very high doses of aspkin or 
salicylate are necessary to combat its effects. In the 
clinical situation one would hope that the long time 
course of the degenerative process in Parkinson's dis- 
ease reflects chronic toxicity of lower levels of any 
putative MPTP-like neurotoxin. If this were the case, 
it is possible that relatively low repeated doses of aspi- 
rin or salicylate might be able to slow disease progres- 

In clinical trials, aspirin has been shown to be of 
clear benefit in the prevention of Stroke (Antiplatelet 
Trialisl's Collaboration, 1994). a factor generally at- 
tributed to its beneficial effects on platelet aggregation. 
The accumulating reported neuroprotective effects of 
aspirin perhaps hint at a more direct effect on neuronal 
resistance. It has also been noted that there is an inverse 
correlation between antiinflammatory treatment (in- 
cluding the use of aspirin) and Alzheimer's disease 
(Breitner et al,, 1994). Both aspirin and salicylate 
blcrck glutamate-induced neutotoxicity in vitro (Grilli 
et al., 1996) and MPTP-induced neurotoxicity in vivo, 
via mechanisms that are clearly unrelated to the classi- 
cal primary effect of aspirin, cyclooxygenase inhibi- 
tion. There appears to be a hidden aspect of aspirin 
and salicylate pharmacology whose further character- 
ization may lead to the clearer definition of neurotoxic 
processes and to the development of novel treatments 
in various central degenerative diseases. 
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